The present study reports the antioxidant activity of Salacia euphlebia stem extract. To understand the antioxidant activity of this plant, four compounds were isolated and elucidated as vitexin, 15α-hydroxyfriedelan-3-one, siphulitol and mangiferin. Mangiferin showed high free radical scavenging activity (EC 50 1.10 ± 0.18 μg/mL) in comparison with quercetin (EC 50 1.35 ± 0.02 μg/mL), while vitexin (IC 50 37.6 ± 1.1 μg/mL) showed a good cytoprotective effect compared with quercetin (IC 50 76.1 ± 1.0 μg/mL). This is the first report of the activities and bioactive compounds of S. euphlebia. These results may scientifically explain the folk and alternative-medicine use of this plant in longevity formulas.
Antioxidant status reflects the balance between the antioxidant defenses and oxidants in living organisms. Impairment of the antioxidant defenses and /or high levels of oxidants can lead to oxidative stress. Oxidative stress in humans has been implicated in the pathogenesis of major chronic diseases. Specifically, a role of oxidative stress has been demonstrated for inflammation, carcinogenesis atherosclerosis, and suggested for many other diseases, and for aging. For this reason, there has been strong interest in preventing oxidative stress and maintaining an antioxidant status that supports good health [1] .
A large number of phytochemicals have attracted interest for their role in nutrition and health. Many of these, such as carotenoids, bioflavonoids, chlorophylls and tannins affect the antioxidant status directly due to their function as antioxidants, indirectly by chelating prooxidant divalent metals, such as Fe and Cu, and by sparing other antioxidants [2] .
Salacia euphlebia Merr., family Celastraceae [3] is found in the southern part of Thailand. The stem has been used in longevity recipes, but like most of the claimed medicinal usages of medicinal plants, that of S. euphlebia stem lacks scientific evaluation.
The methanolic extract of S. euphlebia, after column chromatography on silica gel and Sephadex LH 20 afforded vitexin, 15α-hydroxyfriedelan-3-one, siphulitol and mangiferin, all of which were identified by comparison of their spectral data with published information.
The antioxidant activities of the crude methanolic extract of the stems and the four isolated compounds with regard to the free radical 1,1-diphenyl-2-picrylhydrazyl (DPPH) were evaluated. The concentration of mangiferin causing 50% inhibition of the free radical (IC 50 ) was found to be higher than that of the others ( Table 1 ). The mangiferin bioactivities observed have been related to antioxidative as well as free radical capture functions since its structure seems to be associated with certain flavonoid systems and their activities [4] . For the current study, vascular endothelial cells were exposed to different concentrations of positive control, quercetin, and pure compounds. The cells were then exposed to tertiary-butylhydroperoxide (tBHP) to simulate oxidative cell damage. These results were then compared to cells similarly exposed, but not pretreated with antioxidants. Endothelial cells that were treated with vitexin had significantly less damage (Table 2) .
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Vitexin showed stronger cytoprotective activity than the positive control quercetin. From the literature, vitexin can be used effectively for the prevention of UV-induced adverse skin reactions, such as free radical production and skin cell damage and demonstrated antiviral, antimicrobial, antioxidant and radioprotective activities.
The positive DPPH test suggests that the sample is an electron donor and terminates the radical chain reaction. However, the result of the cytoprotective activity suggests that the sample may protect endothelial cells against oxidative stress by protecting DNA fragmentation and mitochondrial damage.
The capacity of flavonoids to act as antioxidants depends upon their molecular structure. The position of hydroxyl groups and other features in the chemical structure of flavonoids is important for their antioxidant and free radical scavenging activities.
Quercetin, the most abundant dietary flavonol, is a potent antioxidant because it has all the right structural features for free radical scavenging activity. Quercetin was capable of protecting against tBHP induced DNA single strand breaks by scavenging ROS and chelating transition metal ions, such as ferrous, ferric, and cuprous ions [5] .
Several studies have shown that flavonoids act as scavengers of superoxide anions, singlet oxygen, hydroxyl radicals and lipid peroxidation chain reactions. Hence, flavonoids may protect tissues against oxygen free radicals and lipid peroxidation events that may be involved in pathological diseases such as coronary heart disease and cancer.
This is the first report of phytochemical studies conducted on S. euphlebia. 15α-Hydroxyfriedelan-3-one and its derivative were found in S. beddomei [6] Salacia sp. "liana" [7] and S. petenensis [8] . The xanthone, mangiferin seems to be a typical secondary metabolite of the genus Salacia and has been previously reported from a number of species, for example S. oblonga, S. chinensis, S. prinoides [9] S. reticulata [10] and S. macrosperma [11] . Quantitative HPLC analysis of mangiferin was suggested as being suitable for the quality control of Salacia species [9] . It is of interest to note that this is the first report of vitexin and siphulitol from the genus.
In conclusion, this is the first report of the activities and bioactive compounds of S. euphlebia. This study gives credence to the traditional use of the plant in longevity recipes.
Experimental
Plant material: S. euphlebia was collected in August from Chana, Songkhla Province, Thailand. Authentification of plant material was carried out at the Department of Botany, Faculty of Sciences, Prince of Songkla University, and also by comparing with the authentic specimens at the Department of Extraction and isolation of compounds: Air-dried and ground stems of S. euphlebia (2.0 kg) were extracted three times with methanol (7 L). After filtration, the solvent was removed under reduced pressure to yield a residue of 298 g. The crude methanol extract (10 g) was chromatographed on a silica gel column eluted with ethyl acetate with increasing amounts of methanol (7%, 10%, 15%, 20%, 25%, 30%); fractions, each of 75 mL were collected. Fraction 9 gave 74 mg of white crystals of 15α-hydroxyfriedelan-3-one. Fractions 22-28 were rechromatographed on a Sephadex LH20 column, eluting with methanol, to give 8 mg of yellow crystals of vitexin. Fractions 49-56 were rechromatographed on a Sephadex LH20 column, eluting with methanol, to give 131.2 mg of white crystals of siphulitol. Fractions 63-69 were rechromatographed on a Sephadex LH20 column, eluting with methanol, to give 8.1 mg of a pale yellow amorphous mass of mangiferin. The structures of the isolated compounds were identified by compared of their spectral data with those previously reported.
Antioxidant assay
Assay for DPPH radical scavenging: The free radical scavenging effect on the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical was carried out in 96-well plates as described by Hatano et al [12] . 
Assay for cytoprotective activity:
The assay was performed with some modification [13] . Briefly, endothelial cells (ECV-304 cell line) were cultured in an RPMI 1640 medium and supplemented with 10% fetal bovine serum. Cells were maintained at 37 o C in a 5% CO 2 atmosphere with 85% humidity for 3 days. Cells were harvested by trypsinization, counted, and seeded in 96-well plates (100 µL/well) with a density of 3x10 4 cells/mL. After the cells had grown to confluence (5 days), pure compounds and the positive control, quercetin, were dissolved in the medium to give final concentrations of 1, 5, 10, 50, 100 µg/mL and added to each of 8 wells (100 µL/well). Plates were incubated in a CO 2 incubator for 16 h, washed with fresh medium and induced for oxidative stress by incubation with 500 µM of t-butylhydroperoxide in culture medium (100 µL/well) for 6 h. Cell viability was assessed by Sulforhodamin B (SRB) colorimetry [14] . The percentage inhibition was calculated based on the ability of extracts to inhibit t-BHP damage compared with non-protected cells. IC 50 values were determined using regression analysis in SPSS for windows version 10.0.
